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Abstract
The CAPTAIN liquid argon experiment is designed to make measurements of scientiﬁc importance to long-baseline
neutrino physics and physics topics that will be explored by large underground detectors. The experiment employs two
detectors – a primary detector with approximately 10-ton of liquid argon that will be deployed at diﬀerent facilities for
physics measurements and a prototype detector with 2-ton of liquid argon for conﬁguration testing. The physics pro-
grams for CAPTAIN include measuring neutron interactions at Los Alamos Neutron Science Center, measuring neutrino
interactions in medium energy regime (1.5–5 GeV) at Fermilab’s NuMI beam, and measuring neutrino interactions in
low energy regime (< 50 MeV) at stopped pion sources for supernova neutrino studies.
c© 2014 Published by Elsevier Ltd.
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1. Introduction
The Long-Baseline Neutrino Experiment (LBNE) [1] is a pioneering experiment to study neutrino prop-
erties at unprecedented resolution. It will utilize an intense high energy neutrino beam generated from a
megawatt-class proton accelerator at Fermilab to observe neutrinos before and after they transverse a 1300
km baseline. Large liquid argon time projection chambers (LArTPC) will be deployed as the far detector for
their unique combination of ﬁne-grained tracking, precise calorimetry, and scalability to very large sensitive
volumes. The high-intensity neutrino beam and the kilo-ton high-precision detector would enable studies
of CP violation in neutrino oscillations with conclusive accuracy. An underground LBNE detector would
also permit the study of atmospheric neutrinos, proton decay, and precision measurement of any galactic
supernova explosion.
The smaller scale CAPTAIN (Cryogenic Apparatus for Precision Tests of Argon Interactions with Neu-
trino) experiment [2] is a step along the path of the phased program towards the construction of the massive
LBNE detector. It supports development of LBNE physics by enabling early studies of neutron and neutrino
interactions in liquid argon media at a broad energy regime. It is an important and a unique part of the LBNE
R&D eﬀort.
CAPTAIN was initiated as a Los Alamos National Laboratory LDRD project in Fall 2011. The design
and construction of the LArTPC detector started in late 2012. The experiment’s operations are expected to
begin with cosmic ray commissioning run in Summer 2014. Neutron commissioning run is scheduled in
Fall 2014 and then followed by neutrino running programs.
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2. Detector Design
The CAPTAIN detector, as shown in Fig. 1 left, is a LArTPC with a portable and evacuable cryostat that
can hold a total of 7700 liters of liquid argon. The cryostat has ports on the lid for high voltage, electronics,
and optical feedthroughs. It has side ports that can be used for recirculating liquid argon for the cryogenics
system. The side ports would also allow visual access to the inside of the cryostat. The portability of the
cryostat enables us to deploy the detector to diﬀerent sites for a variety of physics programs.
A prototype detector, as shown in Fig. 1 right, is employed to perform various conﬁguration testing of
the LArTPC detector. The design diﬀerences between the CAPTAIN detector and the prototype detector,
miniCAPTAIN, is mainly driven by the size of cryostat and TPC.
Five ton liquid argon is instrumented in a hexagonal shaped TPC. The TPC has cathode plane on the
bottom side and the signal planes on the top side. Three signal wire planes oriented 60◦ with respect to each
other are used, two of which are induction planes and one is collection plane, with a total of 2000 electronic
channels. The distance between the cathode plane and anode plane (collection plane) is 1 meter with a
voltage gradient of 500 V/cm. To achieve long lifetime or long drift-distance for electrons, a puriﬁcation
system that recirculates liquid argon and condensed vaporized argon is employed to remove electronegative
contaminants such as O2 and H2O. An O2 concentration smaller than 240 ppt (parts per trillion) would allow
60% of electrons to travel more than 1 meter.
We use the same electronics that has been designed for LBNE and used at MicroBooNE experiment. It
includes cold electronics and warm interface electronics, digitizing/data handling electronics, cabling, and
cable feedthroughs. A laser calibration system is employed to measure electron lifetime in situ, the drift elec-
tric ﬁeld in presence of cosmic ray backgrounds (the large cosmic ray background could cause signiﬁcant
distortion to the electric ﬁeld), and the liquid argon ionization and electron recombination eﬀects. A pho-
ton detection system consists of 32 Hamamatsu R8520-500 photomultiplier tubes coated with tetraphenyl
butadiene wavelength shifters and attached to the top and bottom side of the TPC. It serves as a trigger
for non-beam events, and enables the study of using detected photon to improve energy reconstruction for
particles such as neutron. Details on the detector design can be found in Ref [2].
Fig. 1. Left: schematic drawing of the CAPTAIN detector. The cryostat has a volume of 7700 L. Right: the prototype detector cryostat
with a volume of 1500 L.
3. Physics Programs
In the initial phases of the experiment, three separate measurements are currently being planned. The
ﬁrst phase is the ﬁrst measurement of the neutron cross section on argon at energies relevant to neutrino
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energy reconstruction. The second phase is planned to be a measurement of the electron neutrino cross
section on argon below 50 MeV. The third phase under consideration is a measurement of the muon neutrino
cross section on argon in the NuMI beam. The hope is that these measurements will be completed in the
next ﬁve years, and further measurements are possible after that point.
3.1. Neutron run
Neutrons are important components of the hadronic system in medium-energy neutrino interactions with
argon. Charged hadrons are well-measured and neutral pions will decay quickly into gamma-rays that point
back to the neutrino vertex. Neutrons, on the other hand, will travel some distance from the neutrino vertex
before interacting and will complicate the reconstruction of these events. Besides this, the study of neutron-
induced pion production and spallation events in LAr in terms of their topology, of the multiplicity and
identity of the visible particles in the ﬁnal state and of their kinematic properties, is important for LBNE
because similar events will be produced by neutrino and antineutrino interactions. Additionally, at the near
site, neutrons will comprise an important in-time background to neutrino detection. Measuring neutron
interactions as a function of neutron energy up to relatively high kinetic energies is thus important.
With these topics in mind, we have developed a neutron running program with CAPTAIN in addition to
measurements at neutrino beams. The neutron run is scheduled in Fall 2014 at Los Alamos Neutron Science
Center (LANSCE) – a pulsed spallation neutron source facility. LANSCE has a neutron beamline with
well-characterized energy spectrum ranging from about 0.1 MeV to more than 600 MeV kinematic energy.
Measurements of neutron interaction in argon have not been previously performed and are unique for the
CAPTAIN physics programs.
3.2. Low-energy neutrino run – supernova neutrino
The measurement of the time evolution of the energy and ﬂavor spectrum of neutrinos from super-
novae can revolutionize our understanding of neutrino properties, supernova physics, and discover or tightly
constrain non-standard neutrino interactions. LBNE has the capability to make precise measurements of
supernova neutrinos. For example, collective neutrino oscillations imprint distinctive signatures on the time
evolution of the neutrino spectrum that depend, in a dramatic fashion, on the neutrino mass hierarchy and
mixing angle θ13. Current knowledge of the neutrino argon cross sections and interaction products at the
relevant energies (< 50 MeV) limit the ability of detectors to extract information on neutrino properties from
a supernova neutrino burst. In fact, there are no neutrino measurements in this energy range. Stopped pion
sources produce neutrinos in the energy range that are overlapping signiﬁcantly with the supernova neutrino
energy spectrum, as shown in Fig. 2.
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Fig. 2. Neutrino energy spectra from supernova bursts neutrinos (solid lines) and the neutrino energy spectra from the stopped pion
source at the SNS. Figure from reference [3].
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Cascades of characteristic de-excitation gamma rays are expected to be associated with diﬀerent in-
teraction channels, which could enable ﬂavor tagging and background reduction. Currently the ability of
LArTPC detectors to observe these gamma rays (and accurately reconstruct their energy) is very uncertain.
CAPTAIN will aﬀord a nearly unique opportunity to measure key neutrino-nuclear cross sections in both the
charged and neutral current channels that would allow us to make better use of the supernova neutrino burst
signal. Promising facilities for this run include Fermilab’s Booster Neutrino Beam, the Spallation Neutron
Source at Oak Ridge National Laboratory, and the Lujan Neutron Scattering Center at LANSCE.
3.3. Medium-energy neutrino run – neutrino oscillation
At the baseline of LBNE, 1300 km, the neutrino energies in the ﬁrst oscillation maximum range from 1.5
GeV to 5 GeV. Neutrino cross sections are poorly understood on any nuclear target in this energy regime.
A detailed study of neutrino interactions in this energy regime is crucial to LBNE physics. The experiment
simply will not work without it. Running a liquid argon detector such as CAPTAIN at Fermilab’s NuMI
neutrino beamline provides an important and unique opportunity to fulﬁll such request.
The NuMI beamline at Fermilab was constructed for the MINOS experiment and will be running with
the medium-energy tune to support the Noνa and Minerνa experiments. Figure 3 shows the NuMI neutrino
energies at diﬀerent conﬁgurations. Running CAPTAIN at this energy regime collects more complicated
interactions including deep inelastic scattering (DIS) and resonant pion production (RES), which is in com-
plementary to another liquid argon detector – MicroBooNE – running at Booster Neutrino Beam in a lower
energy regime.
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Fig. 3. Left: NuMI neutrino energies at diﬀerent conﬁgurations. LE: low-energy tune. ME: medium-energy tune. HE: high-energy
tune. Right: Total neutrino cross-sections divided by energy versus energy compared to the sum of quasi-elastic, resonant, and inelastic
contributions from the NUANCE model.
Our simulation studies have shown that nearly a million of contained events would be collected for a
year of running CAPTAIN at NuMI beamline near site. Such amount of data is signiﬁcant in any neutrino
experiments, and would enable many detailed measurements.
4. Summary
The CAPTAIN program will make signiﬁcant contributions to the development of LBNE physics. It
will make unique physics measurements that support most important LBNE missions including: the long-
baseline neutrino oscillation program, the atmospheric neutrino program (and correlated WIMP search)
and the supernova neutrino program. The detector will also serve as a testbed for various calibration and
detection strategy schemes – especially regarding laser calibration and photon detection. The scientiﬁc
program of CAPTAIN will make unique measurements of neutron interactions in argon as well as detailed
neutrino interaction measurements.
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